All relevant data are within the paper and its Supporting Information files.

Introduction {#sec001}
============

After two decades of biodiversity-ecosystem function research, there is now consensus that the functioning of a biological community is mediated by the diversity of its component species \[[@pone.0117595.ref001],[@pone.0117595.ref002]\]. Most experiments reveal that ecosystem function has a positive but saturating relationship with species richness \[[@pone.0117595.ref002]\]. However, in experimental data, species richness typically accounts for between 30 to 73 percent of the variance of a given ecosystem function \[[@pone.0117595.ref003]\]. This wide range has prompted ecologists to look for measures of diversity that more reliably explain variation in ecosystem function, including estimates of functional and phylogenetic diversity \[[@pone.0117595.ref004]--[@pone.0117595.ref006]\].

Measures of functional diversity are typically based on a subset of traits of the component species that are known to be important for ecosystem functions \[[@pone.0117595.ref007]\]. In general, such measures require careful *a priori* consideration of which traits to include, and whether or not traits should receive different weights. Despite these complications, functional diversity measures often better explain variation in ecosystem function than species richness and other taxonomic diversity measures \[[@pone.0117595.ref008],[@pone.0117595.ref009]\].

Another approach has been to relate the phylogenetic diversity---a measure of the evolutionary relatedness of species in a community---to ecosystem function \[[@pone.0117595.ref010]\]. This relies on the hypothesis that closely related species are more functionally similar than distantly related species, and therefore a more phylogenetically diverse community will have greater functional complementarity. While this will not be the case if functional traits show convergence in the phylogeny, two recent studies found phylogenetic diversity to be a better predictor of ecosystem function than species richness, and an equal or better predictor than indices incorporating functional traits \[[@pone.0117595.ref009],[@pone.0117595.ref011]\]. An advantage of using phylogenetic diversity is that it can capture functional differences due to unmeasured or immeasurable traits, and is more readily applicable to groups such as microbes, where traits are less often measured \[[@pone.0117595.ref010]\].

To date, studies relating functional and phylogenetic diversity to ecosystem function have been largely limited to experimental settings \[[@pone.0117595.ref009],[@pone.0117595.ref011],[@pone.0117595.ref012]\], but see \[[@pone.0117595.ref013]\]. Therefore, it is unclear whether these diversity measures will still be strong predictors of ecosystem function in natural communities, where environmental conditions are not controlled as they are in experiments.

Furthermore, the use of functional and phylogenetic diversity measures for predicting ecosystem function has been focused on productivity in plant communities \[[@pone.0117595.ref010]\], but see \[[@pone.0117595.ref013]--[@pone.0117595.ref015]\]. However, we expect that these measures should also improve our understanding of the functioning of higher trophic levels \[[@pone.0117595.ref016],[@pone.0117595.ref017]\]. Experimental evidence suggests that more species-rich herbivore assemblages are 1) able to exert stronger top-down control on plant biomass, and 2) able to produce greater herbivore biomass \[[@pone.0117595.ref003],[@pone.0117595.ref018]\]. This effect may be because communities with more herbivore species are likely to graze on a variety of plant types. If the ability, or preference, to graze on certain plant types is linked to traits, then measures of the functional and phylogenetic diversity of herbivores should explain more variation in the strength of top-down control compared to species richness. Of course, plant biomass may also be influenced by bottom up effects, such as nutrient availability, which may obscure the top down effect of grazer diversity \[[@pone.0117595.ref019]\]. Regardless of these complications, testing whether functional and phylogenetic diversity measures are predictive of the functioning of herbivores in complex natural communities is an obvious next step.

To address whether functional and phylogenetic diversity are useful predictors of ecosystem function for food webs in natural communities, we examined the explained variance in the functioning of natural pond communities across two trophic levels. We used two measures of ecosystem function, (1) zooplankton community biomass and (2) phytoplankton abundance (*Chl a*), to test for diversity-ecosystem function relationships within and across trophic levels. We predicted that more diverse zooplankton communities would have higher biomass and would exert stronger top-down control, suppressing phytoplankton abundance. Furthermore, because diet complementarity is likely related to the diversity of functional traits or phylogenetic relatedness, we predicted that both functional and phylogenetic diversity would overlap in the variation in ecosystem function explained, but each might explain additional variation beyond that captured by species richness alone ([Fig. 1](#pone.0117595.g001){ref-type="fig"}). Detecting these relationships is complicated by the fact that environmental conditions are not constant across ponds, and this can affect both diversity and ecosystem function. Therefore, we used structural equation modelling to explore the direct and indirect effect of environmental gradients on the diversity-ecosystem function relationships \[[@pone.0117595.ref020]\].

![Hypothesized relationships between ecosystem function and species richness (a), functional diversity (b), and phylogenetic diversity (c).\
We predict a stronger relationship with ecosystem function, and thus a higher R^2^, for functional diversity (b) and phylogenetic diversity (c) than for species richness (a) because the former two measures incorporate information about the traits, or the evolutionary similarity of the different species in the community. Panel (d) depicts the results of variation partitioning, indicating our hypothesis that functional and phylogenetic diversity will explain all of the variation explained by species richness, as well as additional variation, both overlapping and unique.](pone.0117595.g001){#pone.0117595.g001}

Materials and Methods {#sec002}
=====================

Pond Zooplankton Survey {#sec003}
-----------------------

We conducted a survey of 23 ponds in the Gault Nature Reserve (GNR), Quebec, Canada (45° 32' 10" N, 73° 09' 10", W) on May 23--27, 2011. GNR is a UNESCO Biosphere Reserve, and one of the few remaining examples of primeval forest in the region. Permission for conducting this survey was given by the director of the GNR. This study did not involve endangered or protected species, or any vertebrate species. The ponds were a mix of ephemeral and permanent, and were scattered around the 1000-hectare reserve ([S1 Fig](#pone.0117595.s001){ref-type="supplementary-material"}.). They ranged in size from 0.0006 to 0.136 hectares and from 0.11 to 0.60 meters deep, and spanned an elevation gradient of 204 to 415 meters above sea level. All ponds were surrounded by similar forest habitat, and had low observed macrophyte abundance. The benthic habitat of these ponds was characterized by very loose sediment, so that the sediment water interface was not well defined.

Our survey determined zooplankton community composition, phytoplankton abundance (*Chl a*), and relevant abiotic variables in each pond. All samples for water chemistry, zooplankton, and phytoplankton were collected from the centre of the pond using a 4L horizontal VanDorn water sampling bottle (Wildco, USA). The process of collecting the samples from such shallow ponds inevitably caused mixing of the water column so that the samples contained water, zooplankton, and phytoplankton from all depths.

Total phosphorous (TP), dissolved organic carbon (DOC), and dissolved inorganic carbon (DIC) concentrations were analysed by the GRIL Aquatic Analytical Laboratory (UQAM, Montreal). Dissolved oxygen (DO), and pH were measured using a handheld probe (YSI, USA). Elevation and pond surface area were measured using a handheld GPS (Garmin, USA). Depth was measured in the centre of each pond using a meter stick. Canopy cover was estimated visually. Pond permanence was estimated as the number of days after sampling that the ponds retained water, to a maximum of six months. This measure of permanence was based on temperature sensors, placed at the bottom of each pond, taking measurements every 30 minutes. Temperature time series were inspected visually, and the pond was assumed dry when the amplitude of the daily temperature fluctuations increased by at least twice. These measurements were corroborated with monthly visits to the ponds. We measured conductivity but we were unable to include it in our analysis because our probe was malfunctioning and did not provide readings for all of our ponds.

Zooplankton community survey {#sec004}
----------------------------

Zooplankton samples were collected by passing 8--16 L of water through a 75 μm Nitex sieve. Higher volumes were sampled when zooplankton appeared to be in low abundance. Zooplankton were anesthetized using carbonated water and preserved in 95% ethanol.

Crustacean zooplankton were enumerated and identified using a dissecting microscope at 60x magnification (Leica, Germany). Entire samples were counted for all species (mean of 1116 and median of 690 individuals per sample), and identifications were performed using a compound microscope (Leica, Germany) when necessary. All organisms were identified to the highest possible taxonomic resolution, generally species, according to Haney \[[@pone.0117595.ref021]\]. For our analyses, we used genus level distinctions, to maintain consistency across all taxa, with the exception of harpacticoid copepods, which were left as a group because their identification is challenging. None of our genera contained more than one identified species and so this taxonomic resolution appears to be an accurate representation of the diversity within these ponds. It remains possible that we may have classified multiple species together when we were unable to identify to species level (e.g., the harpacticoid copepods), but based on the morphological similarity of individuals, we expect this underestimation of diversity to have been minimal. We were unable to identify copepod nauplii to species, but we included them in our estimates of community biomass. Biomass was estimated using average measured body lengths and length-weight regressions \[[@pone.0117595.ref022]\], multiplied by the number of individuals and divided by the volume of water sampled.

Ecosystem functions {#sec005}
-------------------

Zooplankton community biomass was calculated as the summed biomass of all taxa per litre of sampled pond water. The top down effect of zooplankton on phytoplankton abundance was estimated as the relationship between zooplankton diversity and chlorophyll *a*; thus the highest zooplankton function occurs when chlorophyll *a* is lowest. Chlorophyll *a* concentrations were estimated by filtering at least 250 mL of water, through a GF/F filter paper. Chlorophyll concentrations (μg L^-1^) were analysed spectrophotometrically after cold extraction in ethanol using the acidified method \[[@pone.0117595.ref023]\]. It was not possible to directly sample for periphyton because of the loose sediment water interface, but observations suggest that it was not abundant. Therefore, it is unlikely that disturbance of periphyton during sampling would have contaminated our phytoplankton samples.

Diversity Indices {#sec006}
-----------------

Three taxonomic diversity measures, species richness (SR), Shannon diversity (Shan), and Simpson diversity (Simp), were calculated using the *vegan* package \[[@pone.0117595.ref024]\] in R version 3.0.2 \[[@pone.0117595.ref025]\]. Rarefaction curves were produced using the *vegan* package to evaluate whether our estimate of SR was affected by the number of zooplankton in our samples, and thus variation in the abundance of zooplankton across the ponds. There are a variety of indices for calculating functional and phylogenetic diversity, each emphasizing a different aspect of the diversity of a community \[[@pone.0117595.ref026],[@pone.0117595.ref027]\]. Therefore, using multiple complementary indices can provide insight into how ecosystem function is dependent upon different aspects of community diversity.

We chose to use a set of three independent functional diversity measures that each capture one of the three primary components of functional diversity: richness (FRic), evenness (FEve), and divergence (FDiv)\[[@pone.0117595.ref028]\]. These were calculated using four zooplankton traits (body length, feeding type, habitat preference, and trophic group) from Barnett et al. \[[@pone.0117595.ref029]\] and unpublished updates from Beisner et al. (in prep), using the *FD* package \[[@pone.0117595.ref030]\]. We selected these traits because they affect feeding and biomass either directly (body length, feeding type, trophic group) or indirectly (habitat preference---reflective of which parts of the ponds zooplankton can graze phytoplankton and produce biomass). Habitat preference consisted of three categories: littoral, intermediate, and pelagic. Trophic group consisted of four categories: herbivore, omniherbivore, omnivore, omnicarnivore. The trait for feeding type consisted of raptorial feeding, C-filter feeding (scraping and filtering), D-filter feeding (stationary feeding with filtering apparatus on 3^rd^ and 4^th^ legs), and S-filter feeding (stationary feeding with filtering apparatus on legs 1--5) which we expect to determine the type of food particles caught \[[@pone.0117595.ref029]\]. Because we considered multiple filter feeding types we added a fifth trait, raptorial vs. filter feeding, to differentiate filter feeding from raptorial feeding. When calculating our measures of functional diversity, the new feeding type trait and the original feeding type trait both received half the weighting that we gave to each of the other traits. This allowed us to maintain equal weighting of the four initial traits. Including this additional trait to differentiate filter and raptorial feeding resulted in more logical functional associations between species ([S2a Fig](#pone.0117595.s002){ref-type="supplementary-material"}.) but did not significantly change our results (results excluding additional trait not shown). Only the trait for body size was numeric so the traits were not standardized. Traits were matched based on our highest level of taxonomic resolution (generally species).

FEve and FDiv were calculated as both presence-absence (~pa~) and abundance weighted (~ab~) measures. We also created a functional dendrogram based on Ward's clustering method of the five traits ([S2a Fig](#pone.0117595.s002){ref-type="supplementary-material"}.)\[[@pone.0117595.ref007]\]. This dendrogram was used as a visual representation of the groupings of functional diversity but was not analysed directly as a measure of functional diversity \[[@pone.0117595.ref007]\]. We also compared the predictive efficacy of single traits with our multi-trait indices. For this, we calculated the functional richness of each individual trait for comparison with the functional diversity measures based on multiple traits. Functional divergence and evenness cannot be calculated for single traits.

We chose to use two phylogenetic diversity measures: Faith's Phylogenetic Diversity (PD)\[[@pone.0117595.ref031]\], and standard effect size mean pairwise distance (sesMPD)\[[@pone.0117595.ref032]\]. PD provides a simple measure of the phylogenetic relatedness of a community based on the summed branch lengths of its phylogenetic tree. We expected this measure to capture functional complementarity well if more distantly related species are more functionally unique. However, PD is highly dependent upon species richness, so we also chose to use sesMPD, which provides a measure of phylogenetic diversity that is independent of species richness. sesMPD is equal to-1 times the net related index (NRI) \[[@pone.0117595.ref032]\] and was used instead of NRI because it increases with community phylogenetic diversity. PD and sesMPD were calculated using the *Picante* package \[[@pone.0117595.ref033]\], using the phylogenetic tree published in Helmus et al. \[[@pone.0117595.ref034]\] ([S2b Fig](#pone.0117595.s002){ref-type="supplementary-material"}.). Taxa were matched to the tree based on our finest level of taxonomic resolution (generally species). Harpacticoid copepods were not included on this tree and so were added, halfway between the calanoid and cyclopoid copepods, as was done by Helmus et al. \[[@pone.0117595.ref034]\] when sequence data was not available, and according to the taxonomic tree provided by Huys and Boxshall \[[@pone.0117595.ref035]\]. sesMPD was calculated as both presence absence (~pa~) and abundance weighted (~ab~).

Statistical Analysis {#sec007}
--------------------

We used linear regression to test for relationships between ecosystem function and our explanatory variables. Type II linear regression, with the ranged major axis method to account for error in both the independent and dependent variables using the *lmodel2* package \[[@pone.0117595.ref036]\], was used to determine the slope of relationships, unless a polynomial term was included, in which case a Type I regression was used. Response variables were ln transformed to improve normality. The diversity measure of each type (taxonomic, functional, and phylogenetic) that best explained ecosystem function was selected based on the Akaike Information Criterion (AIC). Overlap in variance explained by the best performing diversity measures of each type was evaluated using variation partitioning in *vegan* \[[@pone.0117595.ref024]\]. The correlation between traits and phylogeny was calculated using collectively using a Mantel test \[[@pone.0117595.ref037]\] in *vegan*. Phylogenetic signal for each individual trait was tested using Blomberg's K statistic of phylogenetic signal in *Picante* \[[@pone.0117595.ref033]\] for continuous traits (body size), using the phylogenetic D statistic \[[@pone.0117595.ref038]\] in the *caper* package \[[@pone.0117595.ref039]\] for binary traits (raptorial vs. filter feeding), and using Pagel's λ \[[@pone.0117595.ref040]\] in the *GEIGER* package \[[@pone.0117595.ref041]\] for multistate traits (habitat, feeding type, and trophic group).

Last, we explored effects of environment on community diversity and ecosystem function together using structural equation modelling (SEM) \[[@pone.0117595.ref042]\]. This allowed us to determine if our diversity-ecosystem function relationships were a product of both co-varying with environment, or if there was an independent and direct effect of diversity on the ecosystem functions as hypothesized. We started with a model involving all plausible pathways between environment, our best diversity measures (identified through linear regression), and the two ecosystem functions ([S3 Fig](#pone.0117595.s003){ref-type="supplementary-material"}.). We then compared this model to simplified models where pathways had been removed and used model selection based on AIC to determine the best fit model of the two ecosystem functions. If the pathway between diversity and the ecosystem function remains significant when environment is allowed to affect both diversity and the ecosystem function, we can conclude that there is an independent effect of diversity on the ecosystem function. We compared models including three combinations of our environmental variables: 1) total phosphorous (only for predicting chlorophyll *a*); 2) subsets of environmental variables determined as important predictors of each function based on multiple regression and model selection based on comparing all variable combinations using the *leaps* package \[[@pone.0117595.ref043]\]; 3) the first two axes from a PCA of all standardized environmental variables ([S4 Fig](#pone.0117595.s004){ref-type="supplementary-material"}.) calculated using the *vegan* package \[[@pone.0117595.ref024]\]. The first two axes of the PCA contained 57.1% of the variation in the environmental variables. All analyses were performed in *R*, version 3.0.2 \[[@pone.0117595.ref025]\].

Results {#sec008}
=======

Zooplankton community characteristics {#sec009}
-------------------------------------

Average pond species richness was 4.42, ranging from 2 to 7, with a regional richness of 10. Across all ponds, zooplankton community biomass was 249.57 μg L^-1^ on average, ranging from 0.25 to 938.04 μg L^-1^. Species richness was positively, albeit weakly, related to the number of zooplankton present in our samples (R^2^ = 0.29; *p* = 0.006). However, the rarefaction curves saturated in the majority of samples (87%), suggesting that our estimates of richness were not greatly biased by differences in the abundance of zooplankton amongst the ponds ([S5 Fig](#pone.0117595.s005){ref-type="supplementary-material"}.).

*Daphnia pulex* comprised 51.3% of the zooplankton biomass over all ponds and was present in 14 of the 23 ponds. The next most abundant genus, *Microcyclops rubellus*, comprised 15.8% of the zooplankton biomass in all ponds and was present in 18 of the 23 ponds. *Acanthocyclops vernalis* comprised 12.1% of the zooplankton biomass in all ponds and was present in 15 of the 23 ponds. This species is carnivorous as an adult but was retained in our analysis because it consumes phytoplankton in its juvenile stages \[[@pone.0117595.ref044]\]. There were seven rarer taxa, *Alonella sp*., *Ceriodaphnia dubia*, *Chydorus sphaericus*, Harpacticoida, *Sida crystallina*, *Simocephalus sp*., and *Tropocyclops prasinus mexicanus*, that each made up less than 5% of the average biomass, and all but Harpacticoida were negatively correlated with *D*. *pulex* abundance. Phytoplankton abundance was 6.56 μg chl *a* L^-1^ on average, ranging from undetectable to 33 μg L^-1^. Zooplankton species richness was not related to either chlorophyll *a* (R^2^ = 0.07; *p* = 0.211) or total phosphorous (R^2^ = 0.10; *p* = 0.134).

The combined zooplankton traits were closely correlated with their phylogeny ([S2 Fig](#pone.0117595.s002){ref-type="supplementary-material"}.; Mantel test, *r* = 0.852, *p* = 0.001, 999 permutations). Feeding type and our raptorial vs. filter feeding traits showed significant phylogenetic signal (feeding type---χ^2^ (1) = 7.54, *p* = 0.006;; raptorial vs. filter feeding---D = -3.73, *p* \< 0.001), indicating phylogenetic conservatism for these traits. The body length, habitat preference, and trophic group traits did not show significant phylogenetic signal (body length---K = 0.84, *p* = 0.172; habitat preference---χ^2^ (1) = 0.004, *p* = 0.950, trophic group---χ^2^ (1) = 2.52, *p* = 0.112), indicating little or no phylogenetic conservatism for these traits.

Zooplankton community biomass {#sec010}
-----------------------------

Five out of the 11 diversity measures tested explained a significant proportion of variance in zooplankton community biomass, and in all cases, there was a positive influence of diversity on biomass ([Table 1](#pone.0117595.t001){ref-type="table"}). These significant models included taxonomic, functional, and phylogenetic measures. Abundance weighted functional divergence (FDiv~ab~), explained the most variance of any diversity measure ([Fig. 2b](#pone.0117595.g002){ref-type="fig"}; R^2^ = 0.39; *p* = 0.001). Species richness (SR), explained the second most variance, although it exhibited a unimodal relationship with zooplankton community biomass, where the highest biomass was found in ponds with intermediate species richness ([Fig. 2a](#pone.0117595.g002){ref-type="fig"}; R^2^ = 0.38; *p* = 0.008). This unimodal relationship between species richness and community zooplankton biomass outperformed a model that assumed a linear relationship (R^2^ = 0.14, *p* = 0.077). Abundance weighted standard effect size mean pairwise distance (sesMPD~ab~) explained the third highest proportion of variance of the single diversity measure models ([Fig. 2c](#pone.0117595.g002){ref-type="fig"}; R^2^ = 0.23; *p* = 0.019).

10.1371/journal.pone.0117595.t001

###### Results of the linear models for predicting zooplankton community biomass (ln), ranked in increasing order of AIC.

![](pone.0117595.t001){#pone.0117595.t001g}

       variable                                              type           d.f.   AIC    ΔAIC    R^2^    R^2^ Adj   slope                                                                                          P
  ---- ----------------------------------------------------- -------------- ------ ------ ------- ------- ---------- ---------------------------------------------------------------------------------------------- -------
  1    FDiv~ab~ + Env[\*](#t001fn002){ref-type="table-fn"}   other          6      70.6   0       0.585   0.493      \-                                                                                             0.002
  2    FDiv~ab~                                              functional     3      73.5   2.9     0.388   0.359      9.875                                                                                          0.001
  3    Trophic group                                         1 function     3      74.9   4.3     0.351   0.321      1.258                                                                                          0.003
  4    Raptorial vs. filter                                  1 function     3      75.5   4.9     0.334   0.303      1.688                                                                                          0.004
  5    Env.[\*](#t001fn002){ref-type="table-fn"}             other          5      75.6   5.0     0.446   0.359      \-                                                                                             0.009
  6    SR^2^                                                 taxonomic      4      75.8   5.2     0.383   0.321      4.2190[\*](#t001fn002){ref-type="table-fn"}x-0.4007[\*x](#t001fn002){ref-type="table-fn"}\^2   0.008
  7    Body size                                             1 function     3      75.9   5.3     0.324   0.291      3.974                                                                                          0.005
  8    sesMPD~ab~                                            phylogenetic   3      78.7   8.1     0.234   0.198      0.677                                                                                          0.019
  9    PD                                                    phylogenetic   3      79.0   8.4     0.212   0.186      0.002                                                                                          0.023
  10   FRic                                                  functional     3      79.9   9.3     0.192   0.153      6.076                                                                                          0.037
  11   FDiv~pa~                                              functional     3      80.7   10.1    0.165   0.125      11.488                                                                                         0.055
  12   Feeding type                                          1 function     3      80.9   10.3    0.159   0.119      0.745                                                                                          0.060
  13   FEve~pa~                                              functional     3      81.3   10.7    0.142   0.101      7.150                                                                                          0.076
  14   SR                                                    taxonomic      3      81.3   10.7    0.142   0.010      0.613                                                                                          0.077
  15   Env. PCA[\*\*](#t001fn003){ref-type="table-fn"}       other          4      81.8   11.2    0.197   0.116      \-                                                                                             0.116
  16   sesMPD~pa~                                            phylogenetic   3      82.8   12.2    0.084   0.040      0.839                                                                                          0.180
  17   Chl *a*                                               other          3      83.2   12.6    0.070   0.026      -0.673                                                                                         0.221
  18   Simpson                                               taxonomic      3      84.0   13.0    0.012   -0.035     -1.401                                                                                         0.624
  19   Shannon                                               taxonomic      3      84.7   14.1    0.006   -0.041     -0.660                                                                                         0.723
  20   FEve~ab~                                              functional     3      84.8   14.2    0.002   -0.045     0.337                                                                                          0.833
  21   Habitat type                                          1 function     3      84.8   14.21   0.002   -0.046     0.170                                                                                          0.847

The highest ranked model of each diversity type is bolded. *P* values that are less than 0.05 are bolded.

\* Environmental variable model includes elevation, DIC, and ln TP

\*\* Environmental PCA includes first 2 axes of PCA on all standardized environmental variables.

![Zooplankton community biomass in the 23 ponds as predicted by the best diversity indices in each category: taxonomic diversity---species richness (a), functional diversity---abundance weighted functional divergence (b), phylogenetic diversity---abundance weighted standard effect size mean pairwise distance (c), and the variation partitioning for these three models with their adjusted R^2^ (d).\
Significant model trends are shown as black lines. The grey bands indicate the 95% confidence intervals for the predicted values (a) and the slope of the regression lines (b,c).](pone.0117595.g002){#pone.0117595.g002}

Based on variation partitioning, SR, FDiv~ab~, and sesMPD~ab~ together explained 66% of the variation in zooplankton community biomass, and overlapped in explaining 6% of the variation ([Fig. 2d](#pone.0117595.g002){ref-type="fig"}). SR and FDiv~ab~ overlapped to explain 9% of the variation. SR and sesMPD~ab~ overlapped to explain 7% of the variation. FDiv~ab~ and sesMPD~ab~ overlapped to explain 4% of the variation. SR, FDiv~ab~, and sesMPD~ab~ uniquely explained 10%, 17%, and 3% of the variation respectively.

Three of the five traits (trophic group, raptorial vs. filter feeding, and body length) individually explained a significant amount of variance in zooplankton biomass but none outperformed the best functional diversity measure (FDiv~ab~) although ΔAIC was small ([Table 1](#pone.0117595.t001){ref-type="table"}). These three single traits outperformed the best phylogenetic diversity measure (sesMPD~ab~).

The best performing model of environmental variables for predicting zooplankton community biomass consisted of elevation, DIC, and ln TP, and explained a significant amount of variation (R^2^ = 0.45; *p* = 0.009). However, when FDiv~ab~ was included in the model, none of these environmental variables remained as significant predictors, although the model outperformed that of FDiv~ab~ alone ([Table 1](#pone.0117595.t001){ref-type="table"}). Chlorophyll *a* did not explain a significant amount of variance in zooplankton community biomass (R^2^ = 0.07; *p* = 0.221).

The pathway between FDiv~ab~ and zooplankton community biomass, was always significant, regardless of how we specified the effect of environment in our SEM ([S6 Fig](#pone.0117595.s006){ref-type="supplementary-material"}.). The most parsimonious model, based on AIC, only included the direct pathway from FDiv~ab~ ([S1 Table](#pone.0117595.s008){ref-type="supplementary-material"}). This suggests that our linear models adequately capture the relationship between diversity and zooplankton biomass.

Phytoplankton abundance {#sec011}
-----------------------

Three out of the 11 zooplankton diversity measures explained a significant proportion of variance in chlorophyll *a*, and in all but one case, there was a negative influence of diversity on chlorophyll *a* ([Table 2](#pone.0117595.t002){ref-type="table"}). These significant models included functional and phylogenetic, but not taxonomic diversity measures. The best single diversity measure for predicting chlorophyll *a* was the phylogenetic diversity measure sesMPD~pa~ ([Fig. 3c](#pone.0117595.g003){ref-type="fig"}; R^2^ = 0.38; *p* = 0.002). There was one outlier in this relationship, which was found to have significant influence (Cook's distance \> 0.5) on the analysis ([Fig. 3c](#pone.0117595.g003){ref-type="fig"}---unfilled point). Chlorophyll *a* was not detectable in this pond, although the predicted concentration should have been relatively high based on the measured zooplankton phylogenetic diversity. We cannot be sure if this chlorophyll *a* concentration is a measurement error, so we compared model fit with and without including it. Removing this outlier from our analysis did not have a large effect on the slope of the relationship but greatly improved the model fit ([Fig. 3c](#pone.0117595.g003){ref-type="fig"}, dashed line; R^2^ = 0.59, *p* \<0.001).

10.1371/journal.pone.0117595.t002

###### Results of the linear models for predicting chlorophyll *a* (ln), ranked in increasing order of AIC.

![](pone.0117595.t002){#pone.0117595.t002g}

       variable                                              type           d.f.   AIC    ΔAIC   R^2^    R^2^ Adj.   slope     p
  ---- ----------------------------------------------------- -------------- ------ ------ ------ ------- ----------- --------- -------
  1    sesMPD~pa~                                            phylogenetic   3      58.4   0      0.376   0.345       -1.164    0.002
  2    sesMPDpa + Env[\*](#t002fn002){ref-type="table-fn"}   other          9      59.8   1.4    0.663   0.382       \-        0.080
  3    Raptorial vs. filter                                  1 function     3      60.9   2.5    0.301   0.267       -1.138    0.007
  4    FEve~ab~                                              functional     3      62.3   3.9    0.258   0.222       5.557     0.013
  5    FRic                                                  functional     3      62.8   4.4    0.241   0.204       -6.032    0.017
  6    Feeding type                                          1 function     3      63.1   4.7    0.233   0.196       -0.642    0.020
  7    PD                                                    phylogenetic   3      65.6   7.2    0.143   0.102       -0.002    0.075
  8    FDiv~ab~                                              functional     3      65.8   7.4    0.136   0.094       -3.200    0.084
  9    Env.[\*](#t002fn002){ref-type="table-fn"}             other          8      66.1   7.7    0.432   0.219       \-        0.121
  10   Body length                                           1 function     3      66.3   7.9    0.118   0.076       -1.705    0.109
  11   FEve~pa~                                              functional     3      66.3   7.9    0.115   0.073       -8.791    0.113
  12   FDiv~pa~                                              functional     3      67.1   8.7    0.085   0.041       -10.069   0.177
  13   SR                                                    taxonomic      3      67.4   9.0    0.074   0.029       -0.581    0.211
  14   Trophic group                                         1 function     3      67.4   9.0    0.073   0.029       -0.408    0.212
  15   Zoop. Biomass                                         other          3      67.5   9.1    0.070   0.026       -0.875    0.221
  16   Simpson                                               taxonomic      3      67.9   9.5    0.051   0.006       4.446     0.298
  17   Shannon                                               taxonomic      3      68.2   9.8    0.041   -0.005      3.125     0.354
  18   sesMPD~ab~                                            phylogenetic   3      68.3   9.9    0.034   -0.010      -0.323    0.388
  19   Habitat type                                          1 function     3      68.5   10.1   0.027   -0.019      -0.469    0.451
  20   TP                                                    other          3      69.1   10.7   0.004   -0.044      -0.075    0.781
  21   Env. PCA[\*\*](#t002fn003){ref-type="table-fn"}       other          4      70.6   12.2   0.023   -0.075      \-        0.796

The highest ranked model of each diversity type is bolded. *P* values that are less than 0.05 are bolded.

\* Environmental variable model includes % tree cover, DIC, ln area, ln depth, pH, and ln DOC

\*\* Environmental PCA includes first 2 axes of PCA on all standardized environmental variables.

![Chlorophyll *a* in the 23 ponds as predicted by the best diversity indices in each category: taxonomic diversity---species richness (a), functional diversity---functional richness (b), phylogenetic diversity---presence absence standard effect size mean pairwise distance (c), and the variation partitioning for these three models with their adjusted R^2^ (d).\
Significant model trends are shown as black lines. Insignificant model trends are shown as grey lines. The empty circles indicate the pond that is an outlier to the predicted trend. The dashed lines indicate the model trend when this outlier is removed. The grey bands indicate 95% confidence intervals for the slope of the regression lines.](pone.0117595.g003){#pone.0117595.g003}

The functional diversity measure with the lowest AIC was abundance weighted functional evenness (FEve~ab~; R~2~ = 0.26, *p* = 0.013), which in contrast to all other diversity measures, had a positive relationship with chlorophyll *a*. Again, excluding the outlying pond did not change the slope of the relationship but improved the model fit (R^2^ = 0.33, *p* = 0.005). The next best performing functional diversity measure was FRic ([Fig. 3b](#pone.0117595.g003){ref-type="fig"}; R^2^ = 0.24; *p* = 0.017). Again, excluding the outlying pond did not change the slope of the relationship but improved the model fit ([Fig. 3b](#pone.0117595.g003){ref-type="fig"}, dashed line; R^2^ = 0.44, *p* \<0.001). The best measure of taxonomic diversity was species richness (SR; [Fig. 3a](#pone.0117595.g003){ref-type="fig"}; R^2^ = 0.07; *p* = 0.211), but no taxonomic diversity measure was able to explain a significant portion of variance in chlorophyll *a*. Again, excluding the outlying pond did not change the slope of the relationship but improved the model fit ([Fig. 3a](#pone.0117595.g003){ref-type="fig"}, dashed line; R^2^ = 0.17, *p* = 0.069).

Based on variation partitioning, SR, FRic, and sesMPD~pa~ together explained 29% of the variation in chlorophyll *a* ([Fig. 3d](#pone.0117595.g003){ref-type="fig"}). However, all variation explained was captured by sesMPD~pa~, either alone (4%) or with SR (8%) or FRic (25%). SR and FDiv each uniquely did not contribute to explaining variation in chlorophyll *a*, nor did the overlap between all three indices, and this resulted in less variation explained by the three indices together than that explained by sesMPD~pa~ on its own, because adjusted R^2^ penalizes for the additional degrees of freedom used in the combined model.

Two of the five traits (raptorial vs. filter feeding, and feeding type) individually explained a significant amount of variance in chlorophyll *a* and the raptorial vs. feeding type trait outperformed the best functional diversity measure (FRic)([Table 2](#pone.0117595.t002){ref-type="table"}). No single trait performed as well as the best phylogenetic diversity measure (sesMPD~pa~).

The best performing model for chlorophyll *a* containing only environmental variables consisted of % tree cover, DIC, ln pond area, ln depth, pH, and ln DOC but was not significant (*p* = 0.121). The model combining these environmental variables plus sesMPD~pa~ did not perform as well as the model with sesMPD~pa~ alone ([Table 2](#pone.0117595.t002){ref-type="table"}). Neither zooplankton community biomass nor *D*. *pulex* biomass explained a significant amount of variation in chlorophyll *a* (Community Biomass R^2^ = 0.07; *p* = 0.221; *D*. *pulex*---R^2^ = 0.07; *p* = 0.221).

The pathway between sesMPD~pa~ and chlorophyll *a*, was always significant, regardless of how we specified the effect of environment in our SEM ([S7 Fig](#pone.0117595.s007){ref-type="supplementary-material"}.). Matching to the SEM with zooplankton community biomass, the most parsimonious model explaining variation in chlorophyll *a* did not include environment, but it included the direct pathway from sesMPD~pa~ ([S2 Table](#pone.0117595.s009){ref-type="supplementary-material"}). This again suggests that our linear models adequately capture the relationship between diversity and chlorophyll *a*.

Discussion {#sec012}
==========

Previous tests of the effect of functional and phylogenetic diversity on ecosystem functioning have been largely based on experimental plant communities \[[@pone.0117595.ref009],[@pone.0117595.ref012],[@pone.0117595.ref045]\]. Here, we evaluated these relationships across trophic levels in natural pond communities. Our linear models revealed strong and highly significant correlations between the functioning and the diversity of pond zooplankton communities, and our structural equation models demonstrated that these relationships were not simply driven by variation in environmental conditions. Both zooplankton functions considered here---the production of zooplankton biomass and top-down control of phytoplankton abundance---increased with diversity. This is consistent with previous experimental evidence and theory \[[@pone.0117595.ref016],[@pone.0117595.ref018]\], but we found a clear relationship in complex and ephemeral natural communities, despite large variation in abiotic environments between ponds (e.g. phosphorous spans the natural gradient from oligotrophic 4.4 μg L^-1^ to hypereutrophic 315 μg L^-1^ \[[@pone.0117595.ref046]\]).

As predicted, we found that positive diversity ecosystem function relationships emerged most clearly when measures of functional and phylogenetic diversity were used, and that these measures explained variation in ecosystem function beyond that explained by taxonomic diversity measures, such as species richness. Previous studies relating the diversity of animals to ecosystem function have relied on taxonomic diversity measures \[[@pone.0117595.ref047],[@pone.0117595.ref048]\], knowledge of the functional complementarity of species \[[@pone.0117595.ref049],[@pone.0117595.ref050]\], single traits \[[@pone.0117595.ref013]\] or on taxonomic differences \[[@pone.0117595.ref016]\], but see \[[@pone.0117595.ref014]\]. Although we found a subset of single traits (e.g. trophic group, raptorial vs. filter feeding, and body length) performed almost as well in predicting zooplankton biomass, they never explained as much variation as the best diversity measures (FDiv~ab~). In addition, species richness and phylogenetic diversity (sesMPD~ab~) each explained additional unique variation. In contrast, phylogenetic diversity (sesMPD~pa~) was the best predictor of phytoplankton consumption, and no additional variation was uniquely explained by species richness and functional diversity (FRic). These findings suggest that metrics that quantitatively integrate trait or phylogenetic information have the potential to improve our understanding of variation in the functioning of complex multi-trophic ecosystems.

While species richness was a good predictor of zooplankton community biomass, the relationship was unimodal, and not a saturating function, as observed in most biodiversity-function research \[[@pone.0117595.ref002],[@pone.0117595.ref018]\]. A thorough sampling of these ponds may have revealed additional rare species, although our rarefaction curves indicate that we sampled adequately to capture species richness in the majority of ponds. Nevertheless, our findings should be robust to this variability, as levels of both ecosystem functions were greatest with high functional and phylogenetic diversity, but not species richness. The unimodal relationship between species richness and zooplankton biomass is reminiscent of the commonly observed relationship between productivity and species richness at small spatial scales \[[@pone.0117595.ref051]\]. However, we find no evidence that productivity underlies the relationship described here, as zooplankton species richness was unrelated to either phytoplankton abundance or total phosphorous. The linear relationship between ecosystem function and both functional and phylogenetic diversity suggests that these measures better capture the diet complementarity between zooplankton species. It is not clear why functioning decreases at higher richness, but perhaps reflects an increasing representation of rare species that contribute little to ecosystem function, as we discuss further below.

The exception to the positive diversity ecosystem function relationship was the negative correlation between functional evenness and top-down control of phytoplankton. In this instance, functional evenness poorly reflects the complementarity of the zooplankton grazing function. Evenness is unaffected by the number of traits present within a community, rather, it is highest when the tips on the functional dendrogram of the community are evenly spaced \[[@pone.0117595.ref028]\]. For example, our community with the highest functional evenness was comprised entirely of copepods, which all are evenly spaced across the branch containing the raptorial feeders. However, no filter feeders were present within the community and so grazing complementarity was low. This highlights the need for careful consideration when choosing between indices. In contrast, functional richness provided a much more realistic estimation of grazing complementarity, and exhibited the predicted diversity function relationship.

Neither functional nor phylogenetic diversity were consistently the best predictor of ecosystem function, and the degree to which they explained unique variation differed depending on the measured function. While functional diversity (FDiv~ab~) explained the most variation in zooplankton biomass, both species richness and phylogenetic diversity (sesMPD~ab~) explained some overlapping and unique variation. In contrast, phylogenetic diversity (sesMPD~pa~) explained the most variation in phytoplankton abundance and although both species richness and functional diversity (FRic) explained overlapping variation, these were subsets of that explained by phylogenetic diversity. These findings suggest that the three types of diversity indices capture some of the same functional differences in community composition. This is perhaps unsurprising because functional traits and niche differences are often phylogenetically conserved \[[@pone.0117595.ref010],[@pone.0117595.ref052]\], as reflected by the high overall correlation between the traits and phylogeny. However, the diversity measures did not overlap completely in the variance in ecosystem function that they explained, and each function was best predicted by a different diversity measure. For example, body length showed little phylogenetic signal, but was predictive of zooplankton community biomass, and this correlation may explain why functional diversity explained more variation than phylogenetic diversity for this ecosystem function. In contrast, the fact that phylogenetic diversity explained additional variation in phytoplankton abundance to that explained by functional traits is suggestive of other important, but unmeasured, functional differences that covary with phylogeny. Each class of metric thus captured some unique aspect of the way that the communities use resources \[[@pone.0117595.ref053]\], highlighting the value of combining different diversity metrics in models explaining ecosystem function.

The two aspects of zooplankton function we measured appear to be dependent on different aspects of community diversity. We intentionally chose diversity metrics that captured different aspects of community composition to provide insight into the mechanisms behind the diversity-ecosystem function relationships \[[@pone.0117595.ref028]\]. Thus we would not expect all of our diversity measures to correlate significantly with a given function, and it is this variation in predictive ability that provides insights into the different ways in which these communities exploit resources. This is highlighted by the fact that the two functions were best predicted by different subsets of our diversity indices; zooplankton community biomass was best predicted by abundance weighted measures of diversity, while the ability of this community to suppress phytoplankton through grazing was best predicted by diversity measures that only account for presence/absence. Furthermore, we found that there was no significant relationship between the two types of functions. This is surprising because we might have expected that the communities with the greatest biomass would be the most effective at grazing phytoplankton \[[@pone.0117595.ref054]\]. However, experimental evidence suggests that different functions are often produced by different subsets of the community \[[@pone.0117595.ref055]\], and our results support this interpretation.

The greatest zooplankton community biomass occurred in communities where abundance was spread between taxa that are functionally and phylogenetically distant. This was likely driven by the two most abundant taxa, *Daphnia pulex* and *Microcyclops rubellus*, which combined made up over two thirds of the average biomass in the ponds, but have very different functional traits, and are phylogenetically distant. The traits for trophic group, raptorial vs. filter feeding, and body length, were all predictive of total zooplankton biomass, and these taxa differ in all three of these traits. In contrast, both species share habitat preferences (pelagic habitats), and habitat preference diversity was not predictive of zooplankton community biomass. The disproportionate abundance of these two taxa resulted in a trade-off between species richness and functional or phylogenetic diversity so that the communities with the highest biomass generally had intermediate species richness. This decline in biomass with increasing species richness is due to the high number of rare taxa that contribute relatively little biomass to the community, which tend to be present when *D*. *pulex* is not abundant. We suspect that this negative correlation with *D*. *pulex* may be the result of competition, but it could also be due to factors such as differences in environmental preference. However, the relationship between community biomass and functional and phylogenetic diversity remained linear because the highest abundance-weighted diversity did not correspond to the highest species richness; the addition of rare taxa resulted in a small increase in abundance weighted diversity but this was more than compensated for by the corresponding reduction in *D*. *pulex* abundance.

Contrasting with the determinants of zooplankton community biomass, the ability for the zooplankton community to graze phytoplankton was dependent upon the presence of phylogenetically and functionally diverse taxa, regardless of abundances. We suggest that this is due to complementary grazing, whereby taxa specialize on different habitats and types of phytoplankton, and so communities with higher diversity were better able to suppress the abundance of all phytoplankton types. These functional differences appear to be well captured by our traits describing feeding type. For example, different cladoceran subgroups each employ a different type of filter feeding, while these copepod taxa are raptorial feeders. Similarly, Ye et al. \[[@pone.0117595.ref013]\] found that that the strength of top down control increases with the size diversity of marine zooplankton. Rare species have been found to contribute disproportionately to ecosystem functioning in communities of alpine plants, tropical trees, and coral fishes \[[@pone.0117595.ref056]\]. Given that abundances were not important for predicting top-down control in our ponds suggests this may also be the case for phytoplankton grazing by zooplankton.

Functional and phylogenetic diversity have been found to be informative of ecosystem functioning across trophic levels in a few other studies. Dinnage et al. \[[@pone.0117595.ref017]\] found a bottom-up effect of the phylogenetic diversity of plants on the diversity and abundance of arthropod herbivores and predators. In contrast, functional diversity, but not phylogenetic diversity, was informative of the grazing pressure of marine amphipods \[[@pone.0117595.ref014]\], highlighting the fact that the traits of interest may not always correlate with phylogeny. In our case, grazing appears to have been well captured by phylogenetic diversity, providing evidence of the value of these diversity measures for understanding ecosystem function across trophic levels.

Our diversity measures performed better than any combination of the local environmental variables in predicting both ecosystem functions. This includes total phosphorous, the limiting nutrient for phytoplankton growth in the vast majority of freshwater systems \[[@pone.0117595.ref057]\], but which was not retained as a significant predictor of phytoplankton abundance in our model. However, nitrogen and nitrogen-phosphorous co-limitation can also limit phytoplankton growth \[[@pone.0117595.ref058]\]. As we did not measure nitrogen concentrations, we cannot rule out that nutrient limitation may still play a role in these ponds. Nonetheless, our findings suggest that compositional differences in these zooplankton communities, which are captured in functional and phylogenetic diversity measures, have a larger impact on ecosystem function than do the local environmental conditions. This is supported by the results of our structural equation models, where our diversity measures were always the most significant predictors of ecosystem function, even when including environmental predictors. Furthermore, our most parsimonious model for predicting both ecosystem functions included only the relationship with zooplankton diversity.

Conclusions {#sec013}
===========

Our study provides evidence that the functional and phylogenetic diversity of natural zooplankton communities determines their ability to produce biomass, as well as suppress phytoplankton through top-down grazing. There is a good theoretical basis for the expectation that trait based functional and phylogenetic diversity measures should outperform simple taxonomic measures in explaining ecosystem function. However, previous use of these indices has been largely confined to experimental plant communities. Our study suggests that these indices can also increase our understanding of the functioning of ecosystems in natural environments. We suggest that the congruence of our results with clear a priori predictions based on a well-established body of theory and experimental evidence \[[@pone.0117595.ref010],[@pone.0117595.ref016]\] provides support for our conclusions.

Furthermore, the two functions we explored here, biomass production and top-down control of phytoplankton, were each explained by different, but related, biodiversity metrics. These metrics provide insight into the underlying ecological processes responsible for each function. Zooplankton biomass production is best explained by functional diversity, whereas suppression of phytoplankton production was best explained by phylogenetic diversity. Therefore, we suggest combining functional and phylogenetic diversity measures to provide a richer understanding of the effects of biodiversity on ecosystem function.

Supporting Information {#sec014}
======================

###### The location of the 23 ponds on Mont St. Hilaire.

The red outline marks the Gault Nature Reserve border. Map courtesy of Gault Nature Reserve.

(TIFF)

###### 

Click here for additional data file.

###### Dendrograms indicating the functional (a) and phylogenetic (b) relationships between the zooplankton in the Gault Nature Reserve ponds.

All five traits were used to create the functional dendrogram (a) and we have marked traits that divide clearly across the main functional bifurcations. The four functional groups selected from the trait dendrogram (a) are distinguished by shade and these are retained in the phylogenetic tree (b).

(PDF)

###### 

Click here for additional data file.

###### The hypothesized paths by which zooplankton diversity and environmental factors could affect the two ecosystem functions.

Note: because the link between phytoplankton abundance and zooplankton biomass is a trophic link, the direction of the arrow between these variables changes depending on which one we are trying to predict.

(PNG)

###### 

Click here for additional data file.

###### PCA of the 9 environmental variables.

The black dots mark the position of the ponds in multivariate environmental space. All variables were standardized to a mean of zero and a standard deviation of one prior to calculating the PCA.

(TIFF)

###### 

Click here for additional data file.

###### Rarefaction curves estimating the relationship between species richness and the number of individuals identified in a sample for the 23 ponds.

(TIFF)

###### 

Click here for additional data file.

###### Structural equation model to predict zooplankton biomass.

This model is not the most parsimonious, but is shown because it includes all parameter types (zooplankton biomass, diversity, chlorophyll *a*, and environmental variables). Significant paths (\**p* \< 0.05, \*\**p* \< 0.01, \*\*\**p* \< 0.001) and their unstandardized parameter estimations are shown in black. Non-significant paths are shown in grey. Epsilons indicate error in endogenous variables. This diagram demonstrates that diversity was the most significant predictor of zooplankton biomass and was retained as significant when pathways from the environmental variables were included, as was the case in all models.

(TIFF)

###### 

Click here for additional data file.

###### Structural equation model to predict chlorophyll *a*.

This model is not the most parsimonious, but is shown because it includes all parameter types (chlorophyll *a*, zooplankton biomass, diversity, and environmental variables). Significant paths (\**p* \< 0.05, \*\**p* \< 0.01, \*\*\**p* \< 0.001) and their unstandardized parameter estimations are shown in black. Epsilons indicate error in endogenous variables. Non-significant paths are shown in grey. This diagram demonstrates that diversity was the most significant predictor of chlorophyll *a* and was retained as significant when pathways from the environmental variables were included, as was the case in all models.

(TIFF)

###### 

Click here for additional data file.

###### Structural equation models for predicting zooplankton community biomass ranked in increasing order of AIC.

Zooplankton community biomass (Z.bmass) and chlorophyll *a* (chl) were ln transformed. The environmental variables selected through multiple regression (Env) were elevation, DIC, and log TP. PCA refers to the first two axes of a PCA of all standardized environmental variables. The χ^2^ test provides a test of how well the model fits the data. Models with *p*-values \>0.05 are considered to be a reasonable fit to the data. Models are saturated when paths are specified between all variables and are considered to fit the data perfectly (Grace 2006).

(DOCX)

###### 

Click here for additional data file.

###### Structural equation models for predicting chlorophyll *a* ranked in increasing order of AIC.

Zooplankton community biomass (Z.bmass), chlorophyll *a* (chl), and total phosphorous (TP) were ln transformed. The environmental variables selected through multiple regression (Env) were % tree cover, DIC, log area, log depth, pH, and log DOC. PCA refers to the first two axes of a PCA of all standardized environmental variables. The χ^2^ test provides a test of how well the model fits the data. Models with *p*-values \>0.05 are considered to be a reasonable fit to the data. Models are saturated when paths are specified between all variables and are considered to fit the data perfectly (Grace 2006).

(DOCX)

###### 

Click here for additional data file.

###### Supporting data.

Zooplankton, chlorophyll *a*, environmental, spatial, trait, and phylogeny data for all ponds and species.

(XLS)

###### 

Click here for additional data file.
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